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Abstract 
Since 1995, research has been going on in different aspects of nanofluids. Most of them are related to thermal conductivity and heat 
transfer properties of nanofluids based on water or ethylene glycol. Nanorefrigerants are one kind of promising nanofluids that based on 
refrigerants. Hear transfer and pressure drop characteristics of nanorefrigerants must be determined before putting into application. The 
objectives of this study are to determine the heat transfer and pressure drop characteristics of Al2O3-R141b nanorefrigerants for different 
volume concentrations. The experimental conditions include: constant mass flux of 100 kgm-2s-1, vapor qualities from 0.2 to 0.7, 
temperature at 25°C and 0.078535 MPa pressure. Based on the analysis it was found that both heat transfer and pressure drop 
characteristics increased with the enhancement of nanoparticle volume concentrations. Therefore, an optimum concentration of 
nanoparticles with refrigerants (compromising the heat transfer performance and pressure drop characteristics) can improve the 
performance of a refrigeration system as to increase the energy efficiency and cooling capacity. 
© 2012 The authors, Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Bangladesh Society 
of Mechanical Engineers 
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1. Introduction 
Nanofluid is a new dimensional thermo fluid that has emerged after the pioneering work by Choi [1]. Nanofluid is a 
solid-liquid mixture that consists of a nanoparticles and a base liquid. The nanorefrigerant is one kind of nanofluid and its 
host fluid is refrigerant [2]. Refrigerants are widely used in refrigeration and air conditioning equipment in industries, 
offices, and domestic and commercial buildings. Nanorefrigerants are potential to enhance heat transfer rate thus making air 
conditioning and refrigeration systems more efficient. This consequently will reduce energy consumption in these sectors 
along with reduction in emissions and global warming potential. However, there are some penalties like pressure drop and 
pumping power increases for using the nanoparticles in refrigeration system. Therefore, both the heat transfer and pressure 
drop characteristics must need to be calculated before implementing the nanoparticles in refrigeration system [3]. The 
investigations of heat transfer coefficients are important to increase the energy efficiency of a refrigeration system 
especially in heat exchangers which involved phase-change of working fluid. By suspending nanoparticles into the 
refrigerant, the heat transfer coefficient increased as the mixture change the properties of nanorefrigerants [4]. Carbon 
Nanotubes (CNTs) that have high thermal conductivity show high heat transfer coefficient enhancement. Park and Jung [5] 
investigated pool boiling heat transfer coefficients of CNTs/R-123 and CNTs/R-134a nanorefrigerants where heat transfer 
coefficient enhanced about 36.6 % at low heat flux. The investigation of Al2O3 in R-134a/polyolester mixtures on a 
roughened, horizontal and flat surface enhanced the pool boiling heat transfer coefficient about 400 % at heat flux of 7 
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kW/m2 [6]. Henderson et al. [7] investigated the effect of SiO2 nanoparticles with volume fraction of 0.02 to 0.08 % on two 
phase flow boiling heat transfer coefficient of R-134a and R-134a/polyolester. The mixtures of nanoparticles with R-134a 
refrigerant through direct dispersion decreased 55 % of heat transfer coefficient compared to pure R-134a refrigerant.  
 
Pressure drop investigation is also quite important in order to have an accurate design and optimization of a refrigeration 
system [8]. The investigation of the two-phase pressure drop can involve direct expansion evaporator, condenser and 
transfer lines. Peng et al. [9] investigated the frictional pressure drop of R-113 refrigerant with 0 – 0.5 wt % suspension of 
CuO nanoparticle. Their investigation show that the pressure drop increases with nanoparticle concentration and the 
maximum enhancement is 20.8 %. A new frictional pressure drop correlation for nanorefrigerants has been developed from 
the same study that can be applied to investigate the frictional pressure drop of any nanorefrigerant. 
 
To the best of authors knowledge there is no literature available that considered both the heat transfer and pressure drop 
characteristics of refrigerant based nanofluids. The objective of this paper is to investigate the heat transfer and pressure 
drop characteristics of Al2O3/R141b nanorefrigerant. 
2. Methodology 
The properties of Al2O3 nanoparticles and R141b refrigerant have tabulated in Table 1. Refrigerant properties were taken 
from REFPROP7 standard data base [10]. Some constant parameters of nanorefrigerant flows inside a horizontal tube have 
presented in Figure 1. The investigations of nanorefrigerant performance are based on the influence of Al2O3 nanoparticles 
of 1 to 5 volume concentration and the average diameter of nanoparticles was 13 nm throughout the analyses.  The 
nanorefrigerant was assumed to flow at constant velocity of 5 m/s and the vapor quality was from 0.2 to 0.7. No surfactant 
was considered for dispersion of refrigerant-based nanofluids. Thus, the effect of surfactant was neglected during the 
analyses. Referring to the mathematical models of nanofluids and nanorefrigerant from various sources, investigation of 
Al2O3/R141b nanorefrigerant characteristics have been conducted by using Microsoft Excel 2010. 
                        Table 1. Properties of Al2O3 nanoparticles and R41b refrigerant at 25ºC and 78.535 kPa. 
Property Unit  Al2O3 R141b R141b (liquid) R141b (vapour) 
Chemical formula - Al2O3 CH3CCL2F CH3CCL2F CH3CCL2F 
Normal Boiling point ºC - 32.06 - - 
Molecular mass g/mol 101.96 116.95 - - 
Density kg/m3 4260 - 1234 3.826 
Viscosity mPa.s - - 0.40932 0.0091878 
Thermal conductivity W/m.K 40 - 0.090842 0.0098663 
Specific heat  J/kg.K 773 - 1.1538 0.7854 
Surface tension N/m - 0.018355 - - 
 
Fig. 1. Test condition-uniformly heated flow in a horizontal smooth tube. 
2.1. Flow boiling heat transfer coefficient calculation 
A correlation from Peng et al. [11] was used to calculate the flow boiling heat transfer coefficient, 
 
rHTnr F .,                              (1) 
R141b-Al2O3 
nanorefrigerant 
(Turbulent flow) 
Pin = 78.535 kPa   
Tin = 298K 
G = 100 kg/m2 s-1 
V = 5 m/s 
 
Di = 6.00 mm, L = 1000 
q’’ = 5000W/m2 
(Uniform heat flux) 
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Where, HTF  is the nanoparticle impact factor; and r is the heat transfer coefficient of pure refrigerant. The 
nanoparticle impact factor is a function of particle volume fraction, thermophysical properties of nanoparticle and 
refrigerant, vapor quality as well as mass flux and it can be determined by, 
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Where, is the particle volume concentration; pk and rk are the thermal conductivity of solid particles and pure 
refrigerant, respectively; 
 
is the density and pC  is the specific heat of particle ( p ) and liquid phase refrigerants 
( Lr , ). G is the mass flux and x is the vapor quality. In order to find the flow boiling heat transfer coefficient of pure 
refrigerant, a correlation from Saitoh et al. [12] was used: 
 
poolLr ShFh                              (3) 
Heat transfer coefficient is the combination of convective boiling contribution, LFh   and a nucleate boiling 
contribution, poolSh . From equation (3), Lh is the heat transfer coefficient based on the Dittus-Boelter’s equation [13] for 
liquid flow in the tube which can be calculated from: 
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Where, r  is the viscosity of pure refrigerant, iD  is the internal diameter of tube. The enhancement factor F was 
calculated by, 
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Where, X  is Lockhart Martinelli Parameter and mGWe is the Weber number with m and l are equal to -0.4 and 1.05, 
respectively. Value of X , was calculated by: 
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Where, is the surface tension of refrigerant. The Suppression factor, S was determined by 
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Where, 4.0a and 4.1n . TPRe  is two phase Reynolds number which was calculated by multiplying the Reynolds 
number and enhancement factor, F  as shown below: 
 
25.1ReRe FLTP                                  (10) 
 
The pool boiling heat transfer coefficient poolh  was determined from the following equation: 
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Where, "q is the heat flux, rT is the refrigerant temperature, rPr is the Prandlt number of refrigerant and bd is the 
bubble departure diameter of nucleate boiling and it can be determined as following:  
  
5.0
,
251.0
GLr
b g
d                             (12) 
 
Where, g  is the gravitational acceleration with a constant value of 9.81m/s2. 
2.2. Pressure drop calculation 
The correlation proposed by Peng et al. [9] was used to investigate the pressure drop characteristics of Al2O3/R141b 
nanorefrigerants flow boiling inside a horizontal tube, and it is shown below: 
 
frictrPDfrictnr PFP ,,, .                                            (13) 
 
Where, PDF  is the nanoparticle impact factor and frictrP ,  is the frictional pressure drop of pure refrigerant. The 
nanoparticle impact factor is important to correct the frictional pressure drop of pure refrigerant due to nanoparticles 
suspension. The nanoparticle impact factor was determined by, 
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Where, pd  is the nanoparticle average diameter. A correlation proposed by Müller-Steinhagen and Heck [14] was used 
to determine the frictional pressure drop of pure refrigerant [8,15]. The model is proposed for two-phase flow with the 
acceptable vapor quality in range of 0  x  1.  
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Where, the factor G is:  
 
xabaG 2                                    (16) 
 
In equation (16), a and b are frictional pressure gradients for entire flow liquid and the entire flow vapor in the tube 
which can be determined from:  
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Where, Lf and Gf  are the friction factor which depend on Reynolds number; Lr ,  and G  are the density of liquid 
and vapor refrigerant. The Reynolds number can be calculated from equation (19): 
 
r
iGDRe                                    (19) 
 
The friction factor was obtained either from equation (20) or (21) (where appropriate): 
 
Re
16f  for Re < 2000 (laminar flow)                                    (20) 
 
25.0Re
079.0f  for Re  2000 (turbulent flow)                         (21) 
  
3. Result and discussion 
Figure 2 (a) displays the influence of the Al2O3 nanoparticle volume fractions on the flow boiling heat transfer 
coefficient of nanorefrigerant. It was observed that the heat transfer coefficient was proportionally increased according to 
the particle volume fraction. Formation of molecular adsorption layer on the surface of nanoparticles and the disturbance of 
nanoparticles reduces the height of boundary layer, which enhances the flow boiling heat transfer coefficient of 
nanorefrigerant [9]. Figure 2 (b) shows the flow boiling heat transfer coefficient of Al2O3/R141b nanorefrigerant as a 
function of vapor quality. The highest heat transfer coefficient found at vapor quality of 0.2 where the value was 1755.82 
kW/m2K with 5 vol. % of particle concentration and heat transfer coefficient of pure refrigerant with same vapor quality 
was only 1.22 kW/m2K. The lowest heat transfer coefficient was found 4.68 kW/m2K at vapor quality of 0.3 with 1 vol. % 
of particle concentration. Even with only 1 vol. %, the minimum heat transfer coefficient enhancement was 383 % relative 
to pure R141b refrigerant.  
(a)     (b)  
Fig. 2. (a) Flow boiling heat transfer coefficient as a function of particle volume concentration at different vapour quality (from 0.2 to 0.7); (b) Flow 
boiling heat transfer coefficient as a function of vapour quality for different particle volume concentrations (from 1 to 5 vol. %). 
Figure 3 (a) and (b) shows the pressure drop characteristics of Al2O3/R141b nanorefrigerant as a function of nanoparticle 
volume concentration and vapor quality, respectively. The highest frictional pressure drop occurred at vapor quality of 0.7 
where the value was 464.27 kPa with 5 vol. % of particle concentration and pressure drop of pure refrigerant with same 
vapor quality was only 5.5 kPa. The lowest pressure drop was found 3.34 kPa at vapor quality of 0.2 with 1 vol. % of 
particle concentration. Even with only 1 vol. %, the pressure drop enhancement was 181 % relative to pure R141b 
refrigerant. Suspending nanoparticles into the refrigerant generally increase the pressure drop even though the mass flow 
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rate of the refrigerant was considered to be constant in this study. When the particle volume fraction was suspended more 
than 3 vol. %, the enhancements of pressure drop for all vapor qualities were found to increase rapidly. By increasing the 
nanoparticles concentration, more collision between the nanoparticles and wall interaction could be occurred and higher 
pressure drop compared to pure refrigerant was observed for the nanorefrigerant. 
(a)     (b)  
Fig. 3. (a) Frictional pressure drop as a function of particle volume concentrations at different vapour quality (from 0.2 to 0.7); (b) Frictional pressure drop 
as a function of vapour quality for different particle volume concentrations (from 1 to 5 vol. %). 
4. Conclusion 
In this study, attempt was made to investigate the flow boiling heat transfer coefficient and frictional pressure drop 
characteristics of Al2O3/R141b nanorefrigerants. Throughout this study it was found that volume fractions have significant 
effects over heat transfer and pressure drop characteristics of nanorefrigerant.  
Due to significant enhancement of boiling heat transfer coefficient, nanorefrigerants could be implemented in 
refrigeration systems but an optimum particle volume fraction is needed to avoid the high pressure drop as well as pumping 
power. 
Moreover, more experimental investigation is needed to implement nanorefrigerants in refrigeration systems. It is 
noteworthy that, there will be some unknown effects on the compressor performance of the refrigeration or air-conditioning 
system. Nevertheless the present study would hopefully help the researchers working in this area to carry out some 
experimental studies.  
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